Background Both marriage and education appear to confer a protective effect on health. Few studies have examined the extent to which both undersleeping and oversleeping explain these relationships. I examined whether marital status, educational background, and other sociodemographic variables are associated with higher-risk sleep durations.
Introduction
Although sleep comprises the largest single use of time for most adults, social scientists have rarely used time-use data to explore how sleep duration varies by education, marital status, and other sociodemographic characteristics. This paper explores these relationships in order to identify the characteristics of individuals that are at a higher risk of sleeping either a short amount or a long amount, controlling for other potentially confounding factors.
This information can assist public health and health care professionals in identifying segments of the population that are at higher risk for sleep disorders or potential sleep-related disorders. Secondarily, an understanding of these correlations may provide help in explaining other areas of research that are not fully understood, such as social inequalities in health and test score gaps. This research may guide social scientists to incorporate sleep and other biological variables into future analyses.
And finally, it may build additional awareness of the importance of sleep hygiene to the non-sleep research community.
Sleep and health
The relationship between sleep duration and health is complicated, because there are many confounding factors and because causality is likely to flow in both directions. Recent studies show that 6.5-7.5 h of sleep on an average weeknight is associated with the lowest risk of all-cause mortality. [1] [2] [3] Controlling for demographic characteristics (e.g., age, race, education, occupation, marital status), health behaviours (e.g., exercise level, years of smoking, fat in diet), prior health conditions (e.g., body mass index, leg pain, and history of heart disease, hypertension, cancer, diabetes, stroke, bronchitis, emphysema, and kidney disease) and medication use, sleeping either a long or short amount increases the relative risk of all-cause mortality by up to 40 per cent. 1 The adverse effect of sleep deprivation on
Other likely explanations include psycho-social stressors and neighborhood factors, which may disproportionately threaten the well-being of the less-educated and unmarried segments of the population. [15] [16] [17] To a lesser extent, health care access and utilization play a role.
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Sleep and sociodemographic characteristics
Despite the clear associations between sleep and mortality described above, very few studies explicitly investigate how sleep patterns relate to sociodemographic characteristics. The few studies 5, 20, 21 that explore these relationships are limited by sample size, available variables, and generalizability. Further, they fail to consider the risks of short sleeping and long sleeping separately. Biddle and Hamermesh argue that 'sleep is subject to consumer choice, and is affected by the same economic variables that affect choices about other uses of time' (ref. 20, p. 941) . Their investigation of time-use data indicated that each additional hour of work costs between 7 and 10 min of sleep, based on a linear regression model that controls for age, education, marital status, children in household, religion, and hours worked. Their main focus was on the relationship between sleep duration and hours in the work force. They did not speculate about the implications of the correlations between sociodemographic factors and sleep.
In another study, social psychologists investigated the roles that sleep quality and duration play in understanding the relationships between income/education and mental/physical health. They used the Detroit Area Study to show that self-reports of sleep quality are related to both mental and physical health, as well as to education and income. 21 While sleep duration was associated with health, it was not related to education or income in that study. 21 One major limitation of both of the above analyses is that they only consider sleep as a continuous linear variable. As a result, they do not allow for the possibility of a non-linear relationship between sociodemographic characteristics and sleep duration by exploring both ends of the sleep duration distribution.
The current study
In the current study, I use data from time-use diaries to identify the sociodemographic risk factors for being both short and long sleepers. To my knowledge, this study provides the only multivariate analysis of the sociodemographic correlates of sleep that allows for a trichotomy of sleep durations. This is particularly useful in light of recent research on the risks of both short sleeping and long sleeping.
I hypothesize that the time someone goes to bed and rises is strongly related to his or her social experiences and behavioural demands. Hours spent in the labour force, for example, will be an important factor in determining the times for waking and sleeping. Those with stable full-time jobs will be more likely to have a structured schedule that does not allow for extremely late nights or sleeping in. Then again, people with a lot of financial uncertainty or family responsibilities may use late hours of the night to find the time to address their needs.
Sleeplessness is likely to result from psychosocial problems and physiological responses to the chronic stressors of everyday life. I hypothesize that people who have greater chronic stressors are more likely to have reduced sleep time because of sleepless nights. People who work the night shift or other unconventional hours are also likely to have disrupted circadian rhythms that make sleeping difficult. An additional potential cause for difficulty sleeping is adverse environmental conditions, such as noisy living space in a city environment, or crowded living spaces or bedrooms (see Conley 22 for an analysis of the effect of household crowding on educational attainment). I expect that disruptive sleeping conditions that might result in short sleep durations would be more common among poorer and/or urban respondents.
Materials and methods
Design of the American Use of Time Studies
This study analyses data from a subset of four cross-sectional time-use studies conducted in 1965, 1975, 1985, and 1999 . While these studies all have the same principal investigator, they differ in sample size and somewhat in methodology. The first three of the studies are part of the Americans' Use of Time Project. 23 In the fall of 1965, 1244 adults aged 18-64 received a brief at-home 'warm-up' interview along with a diary for the respondent to record their next day's activities. On the day after the activities were recorded, an interviewer returned to the respondent's home to ensure that the diary was filled out completely. In 1975, a similar survey was conducted of 2406 individuals aged 18 and over. This survey over-sampled Sundays and under-sampled Saturdays. The 1985 survey consisted of personal interviews, telephone interviews, and mail-back diaries. This survey was spread over the course of the year interviewing over 5000 people in total. The 1999 survey comes from the Family Interaction, Social Capital and Trends in Time Use 24 which interviewed 1151 individuals aged 18 and over. In every year, the individual recorded his or her activity between 12:00 AM until 12:00 AM using open-ended diary entries across the full 24-h periods using the same basic codes for diary activities. The subsample of individuals included in the current analysis was restricted to those people between age 25 and 64 to avoid confounding factors of college attendance and retirement in the analyses. Four additional individuals were excluded because no amount of sleep activity was recorded. In the analyses reported below, we consider 1096 individuals from 1965, 1710 from 1975, 3514 from 1985, and 825 from 1999. The analysis estimates a multinomial logistic regression equation on the amount of sleep reported for the 24-h period of the time-use diary. The three outcome categories are short sleep, midrange sleep, and long sleep. The definition of short sleep is less than 6.5 reported hours, whereas the definition of long is greater than 8.5, with the midrange sleep being in between. In another study, 7 a range of 7-8 h was used as the midrange amount of sleep for a typical night. For that study, the data did not differentiate time sleeping into anything smaller than one-hour increments. The 6.5-8.5 h time range allows for a more generous definition of a midrange duration of sleep, and is based on epidemiological studies that suggest this is range of sleep duration is associated with lower mortality risks. 1, 2 The explanatory variables are dichotomous variables for calendar year, marital status, gender, educational status, employment, and minutes of television watched per day (in 1 h intervals). Age and age-squared are also included as continuous variables.
The regression equations are estimated separately for reports taken during weekdays (Monday through Friday) and the weekend days (Saturday and Sunday). Saturday and Sunday diaries were used as the diaries for weekend and the Monday through Friday diaries were used as the weekday diaries. Since the diaries are recorded from 12:00 AM to 12:00 AM, Friday's diary starts on a weekday morning and ends on a weekend night, and conversely, Sunday's diary starts on a weekend morning but ends on a weekday night.
This initially was a concern, but there were qualitatively similar results when the weekday model was run without Friday and the weekend model was run without Sunday. Another model was estimated to test for the interaction effects of weekend with all of the covariates. Table 1 shows the frequency of each personal characteristic for the entire sample, and then separately for the weekday sample Table 1 Proportions of dependent and independent variables in the entire sample, the weekday sample, and the weekend sample (standard deviations are shown in parentheses) ***p < 0.001; **p < 0.01; *p < 0.05 for a comparison of proportions test between the weekday and weekend samples. and the weekend sample. On the weekdays, the average night recorded 7.5 h of sleep, whereas on the weekends, it is 8.3 (p < 0.001). The rest of the table shows that there are few significant differences between the weekday and weekend populations. The differences that do exist are primarily with regard to televisionwatching behaviour. In addition, there are slightly more graduate school-educated respondents on the weekend compared to a weekday. Table 2 shows the distribution of personal characteristics by time slept, where each row sums to 1.0. The majority (54 per cent) of the sample slept within a range of 6.5-8.5 h. Around 27 per cent were classified as long sleepers and 19 per cent as short sleepers, defined as more than 8.5 hours and less than 6.5 h of sleep, respectively. The pattern of Midrange Sleepers > Long Sleepers > Short Sleepers exists when the sample is stratified by each of the above personal characteristics, with one exception.
Results
Participant characteristic
This exception occurs among the people who work more than 50 h a week. Consistent with the economics literature, 20 among the long workers, the percentages of sleep duration are in the order of Midrange Sleepers > Short Sleepers > Long Sleepers. Table 3 provides the results from the multinomial logistic regression models, where the first two columns provide the results for the weekdays and the third and fourth columns show the results for the weekend days. The regression coefficients are exponentiated and presented as odds ratios to facilitate their interpretation. All groups of categorized variables significantly contribute to the model using a likelihood-ratio test. In the pooled model with both weekday and weekend diary data, the addition of interaction terms between weekend and all covariates contributed significantly to the model using a likelihood-ratio test. Thus, weekend sleep differs significantly from weekday sleep patterns. Marital status is correlated with sleep duration. On the weekdays, relative to being married, the separated/divorced (OR = 1.29, p < 0.05), widowed (OR = 2.04, p < 0.001), and single people (OR = 1.61, p < 0.001) are more likely to be short sleepers over midrange sleepers compared to married people. On the weekend, there is an increased risk of short sleeping for the separated/divorced (OR = 2.60, p < 0.001) and single (OR = 2.06, p < 0.01). Single people also have an increased risk of long sleeping on weekdays (OR = 1.28, p < 0.05) and weekends (OR = 1.51, p < 0.05) compared to married people. Finding that being single increases the risk of both short and long sleeping suggests that sleep duration should not be constructed as a linear outcome, as has been done in previous studies. 20, 21 Education is also associated with sleep duration. People without a high school degree are both more likely to be short sleepers (OR = 1.43, p < 0.01) and long sleepers (OR = 1.61, p < 0.001) on the weekdays and they are also more likely to be long sleepers (OR = 1.77, p < 0.05) on the weekends, relative to people with a college degree. Relative to the college educated, high school graduates have an increased risk of short sleeping on the weekdays (OR = 1.24, p < 0.05) and on the weekends (OR = 1.91, p < 0.01). There is no consistent trend over the four years in which the data was collected. This may be due to variation in how the surveys were conducted. Out of the twelve odds ratios estimated for the year dummy variables, only four of them had a p < 0.05. In 1965, the risk of long sleeping was much smaller on the weekdays (OR = 0.57, p < 0.001) and the weekends (OR = 0.65, p < 0.05) than it was in 1999. In 1975, the risk of short sleeping was reduced (OR = 0.71, p < 0.05) compared to 1999 on the weekdays. The risk of long sleeping on the weekend in 1985 compared to 1999 was also reduced (OR = 0.72, p < 0.05). For all four of these statistically significant relationships, the risk of sleeping outside of the 6.5-8.5 h range is higher in 1999. This suggests that even after controlling for sociodemographic changes, there has been an increase in non-midrange sleepers during these four decades.
Women are less likely than men to be short sleepers on the weekdays (OR = 0.80, p < 0.01) and weekends (OR = 0.69, p < 0.05). There is no difference between men and women in terms of the risk of being a long sleeper.
The age variables only show statistically significant differences with regard to long sleeping on the weekdays, even after controlling for retirement. There is no statistical significance of the age variables for the weekends, although there is a significant interaction between weekend and both of the age variables for sleeping too long (p < 0.01).
Retirement and having no job both increase the risk of long sleeping on weekdays (OR = 1.90, p < 0.01 and OR = 1.43, p < 0.05, respectively). On the weekends, there is a reduced risk of short sleeping for the retired (OR = 0.39, p < 0.10). People who work more than 50 h per week have an increased risk for short sleeping and a decreased risk for long sleeping on the weekdays (OR = 1.45, p < 0.01 and OR = 0.75, p < 0.05, respectively) compared to people who work less than 35 h a week. These results confirm the finding that working longer hours increases the likelihood of sleeping too little. 20 Finally, relative to people who watch no television during the day on the weekdays, the risk of short sleeping and long sleeping is significantly smaller for all categories of television watching duration (with the important exception of the positive association between watching more than 180 min and long sleeping). One might expect that watching television might substitute for sleep, and would increase the risk of being a short sleeper. Instead people who watch no television at all are more likely to be short sleepers.
Discussion
The results described above provide an opportunity to discuss possible explanations.
With regard to marriage, unmarried people may have more flexibility with their sleep schedule since they are less likely to share a bedroom with another person. They may use this flexibility to either sleep longer or to do other things. 14, 15, 19 Unmarried men, for example, binge drink and smoke marijuana more than their married counterparts. 14 On the other hand, unmarried people may require more time in order to manage the household (errands, financial responsibilities). Unmarried people also may have less social support and may have more difficulty sleeping appropriate amounts. Other reasons for the shortened (or lengthened) sleep schedule among the unmarried may be due to mourning a separation/divorce or the loss of a spouse, which may be physiologically disruptive. There are likely additional third-factor variables and reverse causality. For example, personality characteristics that are linked to sleep habits may also be linked to success on the marriage market.
Explanations for the higher risk of sleeping a short or a long amount for the less educated people are less clear. Causality could flow in either direction: midrange sleep duration could cause high education or high education causes a midrange amount of sleep. In the first case, if poorer sleepers are always tired, this may affect their studying behaviour and educational attainment. If causality flows from education to sleep, a potential mechanism is that high levels of education may cause people to choose lifestyles that are healthier for them, including going to bed and waking at a regular hour each day. Another likely explanation is that people with greater education may have a fewer number of chronic stressors and thus maybe be able to sleep sounder at night.
The finding with regard to television watching needs more research. According to the results described above, a moderate amount of television watching is associated with average duration sleeping. This may indicate that people who do not watch any television are too busy to watch television or to sleep enough. Whether watching television should be advised to people who lack good sleep habits is not clear from this result.
The use of a trichotomy of sleep categories proved an effective way of categorizing people's sleep durations. Whereas previous research on sleep duration and education did not find a statistically significant association, these researchers did not look at the possibility that the relationship is nonlinear. The clue to this non-linearity comes from the sleep science literature that clearly shows a J-shaped curve in the relationship between sleep duration and mortality risk, controlling for a variety of other factors. 1, 2 There are many implications of this in terms of understanding the larger story of social differences in health. Assuming that short and long sleepers have a higher mortality risk, the findings with regard to marriage may help explain the protective effect of marriage found in a number of studies. This study identifies that marriage confers a protective effect on sleep behaviours. Similarly, this study identifies that education also confers a protective effect on sleep behaviours, and shows that it would be useful for future studies of social inequalities to consider sleep duration. To the extent that sleep duration does explain the widely observed health inequalities, public health programmes may want to target sleep hygiene education programmes to populations (unmarried and less educated) that are observed to be at a higher risk of either short or long sleeping.
While I do not think that sleep duration provides a monocausal explanation of the social gradient with health, it is a likely candidate to explain some of the variation that has previously gone unexplained. In addition, it is an appealing candidate because sleep is a factor that can be improved through behavioural changes, therapy, and, when appropriate, medical treatment.
There are several limitations and obvious next steps for this work. First, applying this analysis to explaining social inequalities in health assumes that there is a causal mechanism between short or long sleep, on the one hand, and mortality, on the other. At present, such relationships have been repeatedly observed, but the causal mechanism is less clear. These relationships need to be better understood. Secondly, this analysis relies on self-report of time-use data. In general, time-use diaries are relatively reliable since respondents need to account for all 24 h. However, recent work shows that objective sleep measures are not strongly correlated with subjective reports of sleep time. 25 If self-reports are less reliable from the unmarried or less educated, this is a possible source of error. Thus, future research should utilize more objective measures of sleep to the extent that it is possible. Also, this study does not consider measures of quality of sleep, but only looks at sleep duration. Sleep quality may be even more powerful in predicting adverse health outcomes than sleep duration. Lastly, more research on the causal mechanisms on the relationships between sociodemographic characteristics and sleep duration is needed. Longitudinal data that contain questions about reasons for various sleep behaviours would be a useful and important way to understand these relationships.
